We studied in vitro changes in P50 and erythrocyte 2,3-diphosphoglycerate concentration occurring in blood 2 to 8 h after venipuncture. When blood was incubated at 37 #{176}C, significant decreases in P50 wereobserved at 2, 4, and 8 h. Such a change was significantly less when blood was kept at 4 #{176}C. The rate of decrease in P5owas not changed when pH was altered by adding either lactic acid or sodium bicarbonate to the blood before incubation at 37 #{176}C for 2 h. The erythrocyte 2,3-diphosphoglycerate concentration of blood incubated at 37 #{176}C did not change by 2 h, but had significantly decreased by 4 h. To avoid in vitro changes, we recommend that P50 be determined as soon as possible for blood sampling.
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The P50 (the oxygen tension at 50% oxyhemoglobin saturation at pH 7.40, base excess 0 mmol/liter, and 37
#{176}C) characterizes the affinity of hemoglobin for oxygen and is of great physiological and clinical interest (1, 2) .
It can be determined by a variety of techniques (3) (4) (5) (6) .
With in vivo methods (7) , the P50 value may be obtained within 5 mm after blood sampling; when in vitro methods involving tonometry are used (8-10), as long as 3 to 8 h may elapse before the P50 is measured.
Several investigators (7, 11) In this study we measured P50 at intervals ranging from 1 to 8 h after withdrawal of blood and found that significant decreases occurred within this tine, the rate of change being greater when blood was incubated at 37 #{176}C than at 4 #{176}C. At 37 #{176}C, the concentration of 2,3-DPG changed in the first hours after blood sampling.
Material and Methods
Analytical Techniques
Blood 
Calculation of P50
The measured p02 was corrected to pH 7.40 and base excess toO mmol/liter by using the standard correction factors (14) . The oxygen saturation was corrected for the small amount of carboxyhemoglobin present (15 P50 was calculated within 15 mm after withdrawing blood into glass syringes. The blood was then incubated at 37 #{176}C for 8 h in tightly capped syringes, and the measurements were repeated.
Experiment B (five studies).
P50 was calculated and portions of the blood sample prepared for lactate and 2,3-DPG measurement within 15 mm after withdrawal.
The blood was then incubated at 37 #{176}C, and all measurements were repeated at 2 and 4 h.
Experiment C (four studies).
P50 was calculated within 15 mm after withdrawal. The blood was incubated for 4 h at 37 #{176}C and then divided into two samples. To one, sodium bicarbonate was added (after incubation)
to bring the pH into the physiological range (pH 7.35-7.45).
No sodium bicarbonate was added to the second sample.
P50 was then calculated for both samples.
Experiment D (five studies).
P50 was calculated, and a portion of the blood sample was prepared for 2,3-DPG measurement within 15 mm after withdrawal. The blood was divided into four samples.
One sample was incubated at 37 #{176}C. The second was stored at 4 #{176}C. Sodium bicarbonate was added to the third sample, lactic acid to the fourth, and both of these samples were then incubated at 37 #{176}C. In all four samples, measurements of P50 and 2,3-DPG were repeated after 2 h of incubation. The 502 in all samples before and after incubation was between 25 and 85%. In the blood samples incubated at 37 #{176}C without adding lactate or bicarbonate, there was a progressive reduction in sO2, which averaged 8.7% (±1.0%) in 4 to 6 h. The blood samples to which lactic acid or sodium bicarbonate was added were briefly exposed to air during the addition of the chemicals.
Statistical Methods
Results are reported as the mean values (±1 SD
Thus, in these samples,the changes in s02 were not predictable.
During the incubation at 37 #{176}C, there was no significant change in carboxyhemoglobin saturation.
The mean control carboxyhemoglobin saturation was 1 .3% (±0.8%), and at 4 h, it was 1.4% (±0.6%). 
Change in P50
Combined Results
The results of the studies in which blood was incubated at 37 #{176}C without adding a sodium bicarbonate or lactic acid are shown in 90% (17, 18, 20, 26) . Thus, it is accepted that the P50 which is the oxygen tension at an 502 of 50% (pH 7.40, base excess 0, temperature 37 #{176}C) is sufficient to characterize the position of the curve. An increase in P50
indicates a shift in position to the right, a decrease in P50
implies that the curve is shifted to the left (12). Many different methods have been described to obtain the P50 (3) (4) (5) (6) . In vivo methods (7) in which blood with varying po2 is obtained by having subjects breathe different concentrations of oxygen allow the P50 to be determined within minutes of blood withdrawal.
In contrast, some in vivo methods involve tonometry at 37 #{176}C for as long as 4 h (9), and in some reported studies up to 8 h may elapse from the time of withdrawal until the P50 is determined (10). Our studies were designed to demonstrate whether these are systematic changes in P50 in the first hours after blood withdrawal, making unreliable any direct comparisons of P50 values between experiments in which different techniques are used. It is well known that metabolic processes continue in blood incubated at 37 #{176}C. Oxygen is consumed and CO2 produced (27) , blood glucose declines, the concentration of lactic acid increases, and the pH decreases In these experiments, there was a progressive decrease in P50 of blood incubated at 37 #{176}C (Figure 2 in the first hours after blood withdrawal?
At 2 h, the mean reduction in P50 was significantly greater when blood was incubated at 37 #{176}C than at 4 #{176}C. Although these experiments
were not designed to test the effect of 502 on the in vitro changes in P50, we noted no relationship between initial sO2 and the rate of P50 decrease.
Changes in pH are known to affect the position of the oxygen dissociation curve (26, 31) . If P50 is reported at the measured pH of the blood sample and not corrected to 7.40, it increases as pH falls and decreases as pH increases, the well-known Bohr effect. In this study, P50
was reported at pH 7.40, and the standard pH correction factor was used that corrects shifts in P50 attributable to these direct effects of pH. Recently, it has been suggested that this factor may be too large (24) . In Experiment C, we tested the possibility that the decrease in P50 we found was an artifact of the pH correlation factor. In this experiment, the pH of the blood was increased to about 7.40 by adding sodium bicarbonate after incubation but before performing the measurements necessary to determine P50. There was still a significant decrease in P50, although slightly less than when the standard correction factor was used without prior adjustment of the pH. Thus, the decrease in P50
could not be explained solely as a result of inappropriate pH correction. Although decrease in pH causes an immediate shift to the right in the uncorrected oxyhemoglobin dissociation curve, after a few hours at acid pH, this curve, corrected to pH 7.40, is shifted to the left, i.e., the P50 is actually lower (31, 32) . Similarly, after a few hours, alkaline pH causes an increase in P50. kept the blood at 37 #{176}C while they kept the blood at room temperature.
P50 decreases progressively
in the first hours after blood withdrawal.
These changes are more marked at 37 #{176}C than at 4 #{176}C. These early changes cannot be ex-plained solely on the basis of changes in the concentration of erythrocyte 2,3-DPG. P50 should be measured as soon as possible after blood withdrawal; when this is not possible, the blood should be stored at 4#{176}C. When comparing the P50 values of various investigators, consideration should be given to the possibility that the differences reported may reflect the methods of P50 determination, particularly when these methods involve tonometry for several hours at 37 #{176}C.
